Background: Pleurectomy/decortication for malignant pleural mesothelioma is performed to improve survival and pulmonary function. Our aim was to analyze pulmonary function outcomes following pleurectomy/decortication.
Introduction
Surgical treatment of MPM has been a controversial topic over the last two decades [1, 2] . While the goal of the surgical treatment is often stated as macroscopic complete resection in line with general oncologic resection principles, various techniques evolved to achieve this goal. The most prominent of those techniques is extrapleural pneumonectomy (EPP) which offers the most extensive resection with curative intent, but ultimately long-term data revealed that it often results in increased mortality/morbidity, limited quality of life, inability to complete other treatment modalities and no significant improvement in survival when compared to other modalities [1] [2] [3] [4] [5] . EPP also requires a rigorous patient selection criterion, which excludes a large portion of patients with MPM. Pleurectomy/decortication (PD) and extended pleurectomy/decortication (EPD) on the other hand, are usually safe in a wider patient population, results in cytoreduction with lower macroscopic complete resection rates with comparable survival outcomes [1, 2, 6, 7] . PD and EPD also provide a good performance status and quality of life, most likely owing to the preservation of the lung capacity and biological behavior of the mesothelioma [8, 9] .
Since the fact that justification of surgery in MPM patients relies on preservation of performance status and retaining the ability to follow through multiple treatment modalities and removing maximal tumor burden, long-term pulmonary function data is important. The objective of this study is to analyze pulmonary function over survival time in a cohort of patients who had P/D in our institution for MPM and compare it with a control group of lung cancer patients who underwent lower lobectomy.
Materials and Methods
All patients undergoing P/D for MPM since 2005 were recorded in a prospective database. Information on patient demographics, medical history (comorbidities, previous malignancy etc.), preoperative assessment (PFT, clinical stage, tissue diagnosis etc.), operative outcomes (resection status, pathologic type and stage, complications, length of hospital stay) and postoperative outcomes (additional treatment modalities, surviv-al, follow up pulmonary function tests) were gathered.
All patients with radiologically resectable MPM and no bulky mediastinal or extrapleural lymph node metastasis were evaluated for multimodality treatment. Preoperatively, patients underwent thoracoabdominal CT scan, PET-CT, laboratory and pulmonary function tests and cardiac evaluation. Mediastinal staging was based PET-CT. If there was any suspicious mediastinal lymph node involvement, cervical mediastinoscopy was performed.
Surviving patients at the time of analysis were determined. They were called for a pulmonary function test (PFT). Preoperative and recent PFTs were compared. A control group was formed with non-small cell lung cancer (NSCLC) patients who underwent lower lobectomy through a thoracotomy. PSPP 1.0.0.0 for GNU was used for statistical analysis. Fisher's exact, Chi-Square and Students T tests were used for comparison.
Technique of PD
MPM patients who underwent PD were classified according to the recent recommended nomenclature for mesothelioma surgery techniques [10] . We typically performed the resection through a posterolateral thoracotomy. In all cases, sixth rib was removed. Complete removal of all the parietal and visceral pleura including the fissures was the aim of the surgical exploration.
Results

patients underwent PD between years 2005-2016. 30
patients were alive at the point of analysis. Three patients were not fit to follow up due to chemotherapy and 3 were lost to follow up. 24 patients were included in the analysis. 14 patients were found to be surviving beyond 24 months. Four patients had removal and reconstruction of the diaphragm. Average follow up time was 31 ± 20.6 (6.4 -83) months. Characteristics of patients who underwent PD and lower lobectomy are shown in table 1.
Average preoperative and recent FEV1 of MPM patients were 2.18 ± 0.82 and 1.84 ± 0.61L respectively ( Figure 1 ).
The values in NSCLC patients were slightly higher ( Figure 2 ). Average preoperative and recent FVC of MPM patients were 2.77 ± 0.99 and 2.29 ± 0.7 respectively. Both were significantly higher in NSCLC patients. FEV1 values were found to be improved in 6 patients who had statistically significant loss of pulmonary function when compared to remaining patients (1.53 ± 0.41 vs 2.39 ± 0.81, p= 0.003). No statistically significant difference was observed between lobectomy and PD patients in terms change in FEV1 and FVC (Table 1 ). Both groups experienced almost 12 percent loss in FEV1 over similar mean follow up (Figure 3) . Presence of recurrence (n = 9) was associated with a higher percentage of FEV1 drop (-18 ± 13%) when compared with patients who did not have any recurrence (n = 15, -8 ± 7%) (p = 0.33) ( Figure 4 ). Figure 4 . The decrease in FEV1 was more limited in patients without recurrence (-8 ± 7%). In patients with recurrence the decrease was more profound (-18 ± 13). However, the difference did not reach significance (p = 0.33).
The difference was not also significant when two techniques were compared. Total or extended PD (n=13) did not result in a better FEV1, however it can be seen in the scatter plot that it may result in better FEV1 in a larger series ( Figure 5 ). 
Discussion
Surgical treatment of MPM has been a controversial topic over the last two decades. Even with the multimodality treatment protocols, MPM's prognosis remains dire with median survival just under two years and fiveyear survival is negligible [11] . Surgery's place in the multimodality treatment protocols has been hard to define due to the small patient pool, variety of techniques and definitions [12] . Moreover, the peculiar biological behavior and spread patterns of MPM renders oncologic surgery with traditional curative intent (R0 resection) technically impossible in many of the cases or it comes at the cost of excessive mortality/morbidity.
Studies focusing on survival also reflect that adoption of less aggressive surgical options sacrificing oncological "quality", even pursuing maximal cytoreduction instead of macroscopic complete resection result in comparable outcomes [1, 2] . This concept also applies to a wide patient population, covering the patients who would be dropped as unfit (e.g.: cannot tolerate lung or diaphragm resection). Therefore, the question of how extensive MPM surgery should be remains. This question needs to be examined on two fronts. First is survival, which is comparable to larger case series despite being out of scope of this article. Second is disease specific quality of life, which can be quantified as preservation of pulmonary function in MPM patients.
In patients who underwent extrapleural pneumonectomy (EPP), following initial decrease in quality of life, a stabilization occurred at 6 months postoperatively and after 12 months, progressive deterioration in pulmonary function and quality of life was evident [13] . A study comparing changes in pulmonary function following EPP and PD, showed preservation of pulmonary function following PD, whereas a significant deterioration following EPP (14) . Changes in pulmonary function following PD or EPD were analyzed in several studies and are listed in table 2 [9, 15, 16] . Interestingly improvement in pulmonary function and quality of life following neoadjuvant chemotherapy was associated with radiologic regression of the tumor [17] . A positive change of 7% in FEV1 and 6% in FVC were related with a radiologic partial response. In this article, we provide pulmonary function data of long-term survivors of MPM. Prognostic factors other than oncological staging have been studied and validated by many clinics, newer markers are being established. In one report, favorable prognostic factors in 117 (18%) patients who survived longer than 3 years out of 636 patients were analyzed [18] . Those patients were younger, predominantly female, more frequently had epithelioid histology and normal complete blood cell counts. Those factors were validated in other patient pools.
Limitations of the Study
First of all, it is a single institution study that includes limited number of patients treated over more than a decade. 23 out of 24 patients received chemotherapy, which may also have a role in improvement of lung function. The study includes only surviving patients, thus it does not reflect the pulmonary function outcome in patients who had early recurrence and rapid deterioration, but there are patients with limited or extensive recurrence in the patient group. Seven of the 24 PD patients passed away due to progression of MPM after this study. Despite all these limitations, this is the first study in literature that presents pulmonary function data in long-term in MPM patients.
Better preservation of lung function and decreasing actual tumor burden may also help patients to remain fit for treatment methods (chemotherapy, radiotherapy) that they could not receive otherwise. This fact has been demonstrated in our data as well with 25% of survivors still exhibiting improved lung functions and overall PFTs are in line with a control group who has undergone lower lobectomy for lung cancer and facing much better prognosis due to the nature of their disease.
Preservation of pulmonary functions independent of survival in long term survivors is an important fact for choosing maximal cytoreductive approaches (extended/ total/partial pleurectomy) over purely palliative ones (videothoracoscopic surgery and talc pleurodesis) and radical approaches on the other end of the spectrum. The goal of non-palliative surgery in MPM should be providing maximal lung expansion via debulking as the benefit of stable or improved lung function is durable over the course of survival in well selected patients.
In conclusion, good candidates for cytoreductive surgery (extended/total/partial pleurectomy) seem to enjoy durable functional benefit beyond 2 years and PFTs results seem to be in line with patients who have undergone lower lobectomy and facing a better diagnosis. Better understanding of prognostic parameters will enable us in selection of candidates for multimodality treatment methods. In the meantime, for good surgical candidates, non-palliative cytoreductive surgery may offer the best chance for long lasting acceptable pulmonary function, enabling them to complete other modalities and enjoy better prognoses.
